Intracellular mechanisms of cyclosporin A-induced tubular cell apoptosis.
Tubular cell apoptosis contributes to the pathogenesis of renal injury. However, the intracellular pathways that are active in tubular epithelium are poorly understood. The lethal pathways activated by cyclosporin A (CsA), a nephrotoxin that induces caspase-dependent apoptosis in tubular epithelium, were explored. Fas expression, caspase activation, and mitochondrial injury were assessed by Western blot, flow cytometry, and microscopy in cultured murine tubular epithelial cells exposed to CsA. The influence of FasL antagonists, Bax antisense oligodeoxynucleotides, and caspase inhibitors on cell survival was explored. Tubular cells constitutively express FasL. CsA increased the expression of Fas. However, Fas had no role in CsA-induced apoptosis, as CsA did not sensitize to FasL-induced apoptosis, caspase-8 activity was not increased, and neither blocking anti-FasL antibodies nor caspase-8 inhibition prevented CsA-induced apoptosis. Apoptosis induced by CsA is associated with the translocation of Bax to the mitochondria and Bax antisense oligodeoxynucleotides protected from CsA-induced apoptosis. CsA promoted a caspase-independent release of cytochrome c and Smac/Diablo from mitochondria. CsA also led to a caspase-dependent loss of mitochondrial membrane potential. Caspase-2, caspase-3, and caspase-9 were activated, and specific caspase inhibitor prevented apoptosis and increased long-term survival. Evidence for endoplasmic reticulum stress, such as induction of GADD153, was also uncovered. However, endoplasmic reticulum-specific caspase-12 was not activated. CsA induces changes in several apoptotic pathways. However, the main lethal apoptotic pathway in CsA-exposed tubular epithelial cells involves mitochondrial injury.